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7KH HIIHFWV RI GLIIHUHQW RSHUDWLQJSDUDPHWHUV RQ WKHSHUIRUPDQFHRI D :SRO\PHU HOHFWURO\WHPHPEUDQH 3(0 IXHO FHOO
KDYH EHHQ VWXGLHG H[SHULPHQWDOO\ XVLQJ SXUHK\GURJHQ + RQ WKH DQRGH VLGH DQG DLU RQ WKH FDWKRGH VLGH 7KH H[SHULPHQWDO
UHVXOWV DUHREWDLQHG LQ WKH IRUPRISRODUL]DWLRQ FXUYHV IRU WZRNLQGVRI HOHFWURQLF ORDGLQJ VXFK DV FRQVWDQW FXUUHQWPRGH DQG
FRQVWDQWSRZHUPRGH9DULRXVFKDUDFWHULVWLFFXUYHVRIWKHIXHOFHOOVXFKDVYROWDJHYVFXUUHQWGHQVLW\SRZHUYVFXUUHQWGHQVLW\
FXUUHQW YV + IORZ HIILFLHQF\ YV FXUUHQW GHQVLW\ HIILFLHQF\ YV WHPSHUDWXUH DQG HIILFLHQF\ YV SUHVVXUH DUH GHWHUPLQHG
H[SHULPHQWDOO\7KHH[SHULPHQWDOUHVXOWVDUHFRPSDUHGZLWKWKHWKHRUHWLFDOGHWHUPLQHGYDOXHV)RUWKHWKHRUHWLFDOFDOFXODWLRQRI
YROWDJHWKH7DIHOHTXDWLRQDQG1HUQVWHTXDWLRQDUHXVHG7KHHIIHFWLYHH[FKDQJHFXUUHQWGHQVLW\DWDQ\WHPSHUDWXUHRUSUHVVXUHV
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WKHQ IXHOFHOOV KDYHEHHQXVHG LQPDQ\RWKHUDSSOLFDWLRQV)XHOFHOOVDUHXVHG IRUSULPDU\DQGEDFNXSSRZHU IRU




SURGXFLQJGLUHFW FXUUHQWHOHFWULFLW\$V WKHPDLQ GLIIHUHQFH DPRQJ IXHO FHOO W\SHV LV WKH HOHFWURO\WH IXHO FHOOV DUH
FODVVLILHG E\ WKH W\SH RIHOHFWURO\WH7KH SRO\PHU HOHFWURO\WHPHPEUDQH IXHO FHOO ZKRVH RSHUDWLQJ WHPSHUDWXUH LV
XVXDOO\IURPWR&DQGUXQRQSXUHK\GURJHQDUHXVHGLQZLGHYDULHW\RISRUWDEOHDQGWUDQVSRUWDSSOLFDWLRQV
7KHKLJKFRVWDQGVKRUWGXUDELOLW\RI3(0IXHOFHOODUHEHLQJWKHPDLQEDUULHUVDWSUHVHQWWRZDUGVFRPPHUFLDOL]DWLRQ
RI WKH 3(0 IXHO FHOO 7R PHHW WKH FKDOOHQJHV ZRQGHUIXO UHVHDUFK HIIRUWV KDYH EHHQ PDGH LQ WKH DUHDV RI
H[SHULPHQWDWLRQ WKHRUHWLFDO DQDO\VLVPRGHOLQJ DQG VLPXODWLRQVRI3(0 IXHO FHOOV IRFXVRQGLIIHUHQW DVSHFWV OLNH
RSHUDWLQJSDUDPHWHUVPDWHULDOVIRUWKHSURWRQH[FKDQJHPHPEUDQHHOHFWURGHVDQGFDWDO\VW,QRUGHUWRLPSURYHWKH
SHUIRUPDQFHRI IXHOFHOOV LW LVQHFHVVDU\ WR UHFRJQL]H WKHSDUDPHWULFHIIHFWVRQIXHOFHOORSHUDWLRQV7KH)XHOFHOO




































7KHUHIRUH ([WHQVLYH H[SHULPHQWDO REVHUYDWLRQV DUH YHU\ YDOXDEOH IRU IXHO FHOO GHYHORSHUV WR HQKDQFH WKH
SHUIRUPDQFHRIWKHLUVSHFLILFIXHOFHOOGHVLJQVDQGRSHUDWLRQUHTXLUHPHQWV.HHSLQJWKHVHIDFWVLQPLQGSUHVHQWZRUN
LQYROYHV DQ H[SHULPHQWDO LQYHVWLJDWLRQ WR VWXG\ WKH HIIHFW RI YDULRXV RSHUDWLQJ SDUDPHWHUV VXFK DV RSHUDWLQJ
WHPSHUDWXUHSUHVVXUHDQG+ IORZRQ WKHSHUIRUPDQFHRI WKH IXHOFHOOXQGHUFRQVWDQWFXUUHQWDQGFRQVWDQWSRZHU
PRGH WKHH[SHULPHQWDOGDWDDUHFRPSDUHGZLWK WKHRUHWLFDO YDOXH WR LQYHVWLJDWH WKHDFWXDOSHUIRUPDQFHRI WKH IXHO
FHOO5HFHQWUHYLHZE\=DPHODQG;LDQJR>@LQFOXGHWKHGLIIHUHQWLQYHVWLJDWLRQVRIWKHH[SHULPHQWDOQXPHULFDODQG
WKHRUHWLFDOZRUNGHGLFDWHGWRWKHHVWLPDWLRQRIWKHWUDQVSRUWSURSHUWLHVLQWKHYDULRXVFRPSRQHQWVRI3(0IXHOFHOOV
LQFOXGLQJJDVGLIIXVLRQ OD\HUPLFURSRURXV OD\HU FDWDO\VW OD\HUDQG WKHPHPEUDQHHOHFWURO\WH OD\HU7KH WRSLFRI
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WUDQVSRUW SURSHUWLHV LV LPSRUWDQFH GXH WR WKHLU XVH LQ DQDO\VLV GHVLJQ DQG QXPHULFDO VLPXODWLRQ RI WUDQVSRUW
SKHQRPHQD LQ WKHFHOO)RUDFRPSUHKHQVLYHNQRZOHGJHRIDOO WKH OLPLWLQJ IDFWRUVDIIHFWLQJ WKHFHOOSHUIRUPDQFH
ORFDOSKHQRPHQDVKRXOGEHZHOOXQGHUVWRRG/HHHWDO>@LQWKHLUOLWHUDWXUHUHYLHZHGWKHGLIIHUHQWW\SHVRISRO\PHU
HOHFWURO\WHPHPEUDQHVIRU3(0)&WHFKQRORJ\DQGWKHFKHPLFDOUHDFWLRQVKDSSHQLQJLQWKHPHPEUDQHV0HKWDDQG














%DWWHU\ VHFWLRQPRGXOHZKLFK DUHXVHG IRU DX[LOLDU\SRZHU VXSSO\ WR WKH IXHO FHOO7KHEDWWHU\ KDV IXOO\ FKDUJHG
EHIRUHVWDUWLQJWKHVHWXSDVIXHOFHOOQHHGLQLWLDOEDWWHU\SRZHUDWVWDUWXS7KHHOHFWURQLFORDGPRGXOHDVVKRZQLQ
ILJXUH SURYLGHV GLIIHUHQW ORDGLQJ FRQGLWLRQV VXFK DV FRQVWDQW FXUUHQW PRGH FRQVWDQW SRZHU PRGH FRQVWDQW
UHVLVWDQFHDQGFRQVWDQWYROWDJHPRGH7KHH[SHULPHQWVDUHFDUULHGRXWDWFRQVWDQWFXUUHQWDQGFRQVWDQWSRZHUPRGH











7KH+HOLRFHQWULFH[SHULPHQWDOVHWXS LV LQVWDOOHGZLWK/DE9LHZEDVHGVRIWZDUHZKLFKHQDEOHV IRU WKHFRQWURODQG





















































PDVV OQ      
2KPLFORVVHVJLYHQE\







































' K        

%RWKǻ*DQGǻ+DUH WHPSHUDWXUHGHSHQGHQWDQG WKH LGHDOHIILFLHQF\GHFUHDVHVZLWK WKH LQFUHDVH LQ WHPSHUDWXUH
7KHUHDUH WZRGLIIHUHQWKHDWLQJYDOXHVǻ+XVHGIRU IXHOV WKH ORZHUKHDWLQJYDOXH/+9WKHKLJKHUKHDWLQJYDOXH
++97KHGLIIHUHQFHEHWZHHQWKHVHWZRKHDWLQJYDOXHVLVWKHVWDWHLQZKLFKWKHZDWHULVDVVXPHGWREHLQ(T
:LWK /+9 ZDWHU LV DVVXPHG WR EH LQ YDSRU IRUP VHOHFWLQJ WKH /+9PD\ EH MXVWLILHG GXH WR WKH SRVVLELOLW\ WR
FRPSDUHGLUHFWO\ D IXHO FHOOZLWK LQWHUQDO FRPEXVWLRQ HQJLQHV EXW WKH XVHRI++9FDQ DOVREH UDWLRQDOL]HG ,Q D









































WUDQVIHUV WKH HOHFWURQV WR WKH HOHFWURGH$W WKHPHGLXPFXUUHQW GHQVLW\RSHUDWLRQRI D IXHO FHOO DGGLWLRQDO2KPLF










7KHFRQFHQWUDWLRQ ORVVHV UHVXOW IURP WKHGHFUHDVH LQ UHDFWDQWFRQFHQWUDWLRQDW WKH VXUIDFHRI WKHHOHFWURGHVGXH WR
IXHOFRQVXPSWLRQ$WPD[LPXPOLPLWLQJFXUUHQWWKHFRQFHQWUDWLRQDWWKHFDWDO\VWVXUIDFHLVSUDFWLFDOO\]HURDVWKH
UHDFWDQWVDUHFRQVXPHGDVVRRQDVWKH\DUHVXSSOLHGWRWKHVXUIDFH7KHUHIRUHWKHYROWDJHORVVHVDUHSURSRUWLRQDOWR














FRQVXPSWLRQ LV KLJKHU DQG GHYLDWHV ODUJHO\ IURP WKH WKHRUHWLFDO YDOXH 7KH GHYLDWLRQ IURP WKH WKHRUHWLFDO YDOXH
GHFUHDVHVDVWKHFXUUHQWGHQVLW\LVKLJKHURYHUFRPLQJWKHHIIHFW)LJXUHEVKRZVWKHYDULDWLRQRIWKHYROWDJHZLWK










7KH SRZHU RXWSXW RI D IXHO FHOO LV GHWHUPLQH DV WKH SURGXFW RI WKH FXUUHQW GUDZQ DQG WKH WHUPLQDO YROWDJH
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
:KHQHOHFWULFFKDUJHVPRYH WKURXJKDQHOHFWULFSRWHQWLDOYROWDJHGLIIHUHQFH WKLV LV FDOOHGHOHFWULFSRZHURI WKH
IXHOFHOO)LJXUHDVKRZVWKDWWKHYDULDWLRQRIWKHSRZHUZLWKFXUUHQWGHQVLW\IRUFRQVWDQWFXUUHQWPRGH,WFDQ
EH REVHUYHG WKDW WKH SRZHU LQFUHDVHV ZLWK LQFUHDVH LQ FXUUHQW GHQVLW\ ZKLFK LV DOVR VXSSRUWHG E\ WKH WKHRU\
+RZHYHU DW KLJKHU FXUUHQW GHQVLW\ WKHSRZHU UHDFKHV WR DPD[LPXPDQG WKHQGHFUHDVH7KHVH FDQEH ILQGRXW
IURPWKHWKHRUHWLFDOHTXDWLRQVLQFHEHWZHHQZRUNOLPLWHGWRORZFXUUHQWGHQVLW\ZHFRXOGQRWREVHUYHGWKHSHDN
YDOXHDQGSRZHUIRUJLYHQFXUUHQWGHQVLW\7KHPD[LPXPGLIIHUHQFHEHWZHHQWKHWKHRUHWLFDOO\DQGH[SHULPHQWDOO\
GHWHUPLQHG YDOXHV LV  2XU H[SHULPHQWDO UDQJH RI FXUUHQW GHQVLW\ LV OLPLWHG WR LQFUHDVLQJ SRUWLRQ
RQO\)LJXUHEVKRZVWKHSRZHUYVFXUUHQWGHQVLW\FXUYHIRUFRQVWDQWSRZHUORDGLQJ7KHPD[LPXPGLIIHUHQFH
EHWZHHQ WKH WKHRUHWLFDOO\ 7KH PD[LPXP GLIIHUHQFH EHWZHHQ WKH WKHRUHWLFDOO\ DQG H[SHULPHQWDOO\ GHWHUPLQHG
YDOXHVLVZKLFKLVVLPLODUWRWKHSUHYLRXVREVHUYDWLRQ7KHDFWXDOHIILFLHQF\RIDIXHOFHOOLVGLIIHUHQWIURP








7KH WKHRUHWLFDOHIILFLHQF\RI WKH)XHOFHOOFDQEHFDOFXODWHGE\HT (IILFLHQF\RI WKH3(0IXHOFHOOGHFUHDVHV






IORZ UDWH DOVR LQFUHDVHV 7KHPD[LPXP HUURU EHWZHHQ H[SHULPHQWDO DQG WKHRUHWLFDO GDWD LV  IRU FRQVWDQW
FXUUHQW PRGH DQG IRU FRQVWDQW SRZHU PRGH :DWHU DQG XQXVHG R[\JHQ GHSOHWHG DLU YDU\ ZLWK FXUUHQW
GHQVLW\







































7KH RSHUDWLQJ WHPSHUDWXUHV KDYH D JUHDW LQIOXHQFH RQ WKH SHUIRUPDQFH RI WKH IXHO FHOO )URP WKH 7DIHO HTXDWLRQ












'XH WR LQFUHDVH IORZ UDWH RI K\GURJHQ LW OHDGV WR KLJKHU UDWH RI UHDFWLRQ LQFUHDVLQJ HIILFLHQF\RI IXHO FHOO7KH
PD[LPXPHUURUEHWZHHQH[SHULPHQWDODQGWKHRUHWLFDOGDWDLVIRUFRQVWDQWFXUUHQWPRGHDQGIRUWKH











































































,Q WKH SUHVHQW ZRUN RQ IXHO FHOO V\VWHP WKH SHUIRUPDQFH DW GLIIHUHQW RSHUDWLQJ FRQGLWLRQV DUH LQYHVWLJDWHG 7KH
WKHUPRG\QDPLFPRGHOZDVDSSOLHGWRWKHV\VWHPDQGYHULILHGXVLQJWKHH[SHULPHQWDOGDWD3RODUL]DWLRQFXUYHVDUH
REWDLQHG E\ XVLQJ ERWK H[SHULPHQWDO GDWD DQG WKHRUHWLFDO GDWD ,W LV IRXQG WKDW WKH YDULRXV RSHUDWLQJ SDUDPHWHUV
DIIHFW FRQVLGHUDEO\ WKH RXWSXW SDUDPHWHUV VXFK DV HIILFLHQF\ YROWDJH DQG SRZHU RXWSXW RI WKH IXHO FHOO 7KH FHOO
YROWDJH DQG HIILFLHQF\ ZHUH GHFUHDVHG DV WKH FXUUHQW GHQVLW\ DQG WHPSHUDWXUH ZHUH LQFUHDVHG 7KH LQFUHDVH LQ





RI SHUIRUPDQFH RI WKH IXHO FHOO ,PSURYH WKH SHUIRUPDQFH HOHFWURGHV ZLWK KLJKHVW SRVVLEOH WKHUPDO FRQGXFWLYLW\
VKRXOGEHXVHGDORQJZLWKWKLQHOHFWURO\WHDQGXVHDSSURSULDWHPDWHULDOIRUELSRODUSODWHVDQGFDWDO\VWZLWKDSURSHU
FRROLQJ DUUDQJHPHQW WR LQFUHDVH WKH UHOLDELOLW\ DQG GXUDELOLW\ RI 3(0 IXHO FHOO 3URSHU DLU WLJKW FRQQHFWLRQV DUH
UHTXLUHG WR SUHYHQW WKH XQQHFHVVDU\ OHDNDJH RI K\GURJHQ $ JHQHUDO FRQFOXVLRQ PD\ EH GUDZQ DV WKH IXHO FHOO
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>@ 9LUDW0HKWD-R\FH6PLWK&RRSHU5HYLHZDQGDQDO\VLVRI3(0IXHOFHOOGHVLJQDQGPDQXIDFWXULQJ-RXUQDORI3RZHU6RXUFHV

>@ &ODLUH+:RR-%%HQ]LJHU3(0IXHOFHOOFXUUHQWUHJXODWLRQE\IXHOIHHGFRQWURO&KHPLFDO(QJLQHHULQJ6FLHQFH±
>@ 3(0)XHO&HOO0RGHOOLQJDQG6LPXODWLRQ8VLQJ0$7/$%E\&ROOHHQ6SLHJHO
